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SYMBOLS  AND  Dr.FINITIONS 


C suspended-sediment  concentration  (in  parts  per  thousand)  by  weight, 

given  by  the  ratio  of  the  total  weight  of  sediment  sample  to  the  total 
weight  of  sea..ater  in  the  pumped  sample.  Weight  of  water  is  determined 
from  volume  pumped,  assuming  seawater  density  of  64  pounds  per  cubic 
foot,  less  the  weight  of  the  sediment  sample. 

d water  depth  at  the  sampl i g station  determined  b\-  surveying  bottom 
elevation  and  subtract ng  it  from  the  tidal  stage  at  the  time  of  sam- 
ple collection 

d^  median  sand  size 

F.  distance  of  the  intake  nozzle  above  the  ocean  bottom 

H wave  height,  the  vertical  distance  between  a wave  crest  and  the 
preceding  trough 

Ilg  significant  wave  height  determined  from  analysis  of  pen-and-ink  records 
for  a pressure  gage  located  in  a 15-foot  water  depth  at  the  end  of  the 
City  Pier  at  Ventnor,  .New  Jersey 

Q longshore  transport  rate 

R distance  scale  measured  along  sampler  pipe,  used  to  compute  F,  nozzle 
elevation  above  bottom 

S horizontal  distance  from  the  breaker  line  to  the  sampling  station  at 

the  time  of  the  sample.  (Distances  to  stations  landward  of  the  breaker 
line  are  positive.) 

3g  distance  from  the  sampling  station  to  the  estimated  Stillwater  level 
(SWL),  based  on  the  tide  stage  at  the  time  of  sample  collection 

T wave  period  (in  seconds) 

Tg  significant  wave  period  as  determined  in  the  analysis  for  Ilg 

t t ime 

velocity  of  the  water-sediment  mixture  in  the  0.5-inch  intake  nozzle 
estimated  angle  between  breaking  wave  crest  and  the  shoreline 

0 angle  of  sampler  pipe  to  vertical  (in  degrees) 
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SUSPENDED  SEDIMENT  IN  THE  LITTORAL  ZONE  AT 
VENTNOR,  NEW  JERSEY,  AND  NAGS  HEAD,  NORTH  CAROLINA 


1 


by 

John  C.  Fail-child 
I.  INTRODUCTION 

Much  of  the  sand  transport  along  beaches  occurs  in  suspensions.  These 
suspensions  are  entrained  by  wave-induced  water  velocity  near  the  bottom, 
particularly  in  the  zone  extending  from  seaward  of  the  breaker  line  to  the 
runup  limit.  Such  suspensions  are  important  to  coastal  engineering  because, 
once  suspended,  the  sand  can  be  moved  by  currents  with  mean  velocities  too 
small  to  initiate  sediment  transport.  For  example,  weak  longshore  currents 
may  be  very  effective  in  transporting  sand  in  the  longshore  direction,  once 
that  sand  has  been  stirred  up  by  the  onshore-offshore  motion  of  waves  cross- 
ing the  surf  zone. 

The  relative  importance  of  transport  in  such  suspensions,  measured  as 
a fraction  of  total  littoral  transport,  is  presently  unknown,  but  there  is 
evidence  that  sand  transport  in  suspension  may  be  the  significant  fraction 
of  longshore  transport  (Galvin,  1973).  This  study  examines  two  extensive 
collections  of  data  on  sediment  suspensions  in  the  surf  zone  to  determine 
the  characteristics  of  such  suspensions  and  to  judge  the  relative  impor- 
tance of  sediment  suspensions  to  the  total  littoral  transport. 

Ihe  principal  variables  considered  in  this  study  are  listed  in  Symbols 
and  Definitions.  The  concentration  of  the  suspension,  C,  is  considered 
to  be  a dependent  variable  determined  by  an  unknown  function  of  sediment 
size  (d™) , distance  from  breaker  line  (S) , water  depth  (d) , elevation  above 
bottom  (E) , wave  height  (H) , wave  period  (T) , and  breaker  type: 

C = f (d^,  S,  d,  E,  II,  T,  Breaker  Type)  . (1) 

Most  of  this  report  attempts  to  isolate  the  effect  of  the  independent  var- 
iables, grouped  as  sediment  size  (d^) , position  (S,d,E),  and  wave  conditions 
(H,  T,  Breaker  Type),  on  suspended-sediment  concentration,  G,  for  data 
collected  from  City  Pier,  at  Ventnor,  New  Jersey,  in  1965  and  Jennette's 
Pier  at  Nags  Head,  North  Carolina,  in  1964. 

II.  FIELD  DATA  COLLECTION  PROCEDURES 
1 . Piers  and  Profiles. 

Suspended-sediment  data  were  collected  at  several  locations  along  the 
fishing  pier  at  each  of  the  study  sites.  Figure  1 ;s  an  aerial  photo  of 
Jennette's  Pier.  The  length  of  the  pier  deck  is  about  780  feet  (238  meters'! 
and  the  deck  elevation  is  about  18  feet  (5.5  meters  above  mean  water  level 
(MWL) . Figure  2 is  an  aerial  photo  of  City  Pier.  , c length  of  the  pier 
deck  measured  from  the  concrete  wall  on  the  landwanl  side  of  the  boardwalk 
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Figure  1.  Jennette's  Pier,  Nags  Head,  Norta  Carolina 


V^IJ: 


« 
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*1 
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is  about  1,010  feet  (.308  meters)  and  the  deck  elevation  varies  from  about 
13  feet  (4.0  meters)  above  MIVL  at  station  22  to  24  feet  (7.5  meters)  above 
MU’L  at  station  1010. 


Beach  and  nearshore  profiles  from  the  beginning  and  end  of  the  tv.'o  data, 
collections  are  shown  in  figures  3 and  4.  The  profiles  for  both  localities 
indicate  that  during  data  ',ol  lection,  there  was  relatively  little  sand 
movement  on  the  major  longshore  bar  and  the  beach  accreted. 

The  profile  data  for  Jennettc's  Pier  were  obtained  from  profiles  made 
by  Louisiana  State  University  (LSU)  Coastal  Studies  Institute,  Baton  Rouge, 
Louisiana  (Dolan,  Perm,  and  Mc.'Vrthur,  1969).  Tlie  profile  data  from  Cit>' 

Pier  were  obtained  by  lead-line  soundings  from  survex'ed  elevations  on  the 
pier  deck.  Local  water  depths  were  obtained  from  tide  tables  (U.S.  Coast 
and  Geodetic  Survey,  1963,  1964)  for  Jennette's  Pier  and  from  a tide  pre- 
diction program  at  the  Coastal  Lngineering  Research  Center  (CERC)  for  the 
Steel  Pier  at  Atlantic  City,  which  is  3 miles  northeast  of  City  Pier. 

Depth  data,  profile  data,  and  tide  data  arc  included  in  Appendixes  A,  B, 
and  C,  respectively. 

2 . Pump  Sampler. 

Pump-sampling  systems  have  a long  history  of  use  in  river  sampling 
(U.S.  Inter-Agency  Committee  on  hater  Resources,  1941,  1952,  1962; 

IVitzigman,  1963). 

The  pump  sampler  used  in  the  littoral  zone  to  obtain  the  data  in  this 
report  is  described  by  Fairchild  (1965).  The  basic  instrument  consists  of 
an  intake  nozzle  (0.5-inch  (1.27  centimeters)  inside  diameter)  on  a boom- 
mounted  telescoping  support  pipe,  a pump,  and  a settling  tank  (Fig.  51 
Sediment  suspensions  arc  collected  by  placing  the  intake  nozzle  in  the 
water  and  continuous!}’  pumping  out  (for  about  5 minutes)  a water-sediment 
mixture.  This  mixture  is  decanted  and  weighed  to  produce  a suspcndetl- 
sediment  concentration.  For  field  use,  the  system  is  mounted  on  a tractor 
and  is  designed  to  be  operated  from  fishing  piers  or  other  platforms  less 
than  20  feet  above  water.  Tlic  field  instrument  has  also  been  used  in  GERC's 
large  wave  tank  (Monroe,  1966). 

The  pump  system  described  by  Fairchild  (1965)  is  an  outgrowth  of  lab- 
oratory experiments  in  measuring  suspended  sediments  (IVatts,  1953;  FairchiEJ. 
1956).  More  recent  efforts  in  measuring  wave-induced  suspended-sediment 
concentrations  have  emphasized  electronic  instruments  (Brenninkmeyer , 19"5; 

I, ocher,  Glover,  and  Nakato,  1976). 

a.  Nozzle  Orientation.  Nozzle  orientation  is  important  in  the  oper- 
ation of  the  pump  sampler  in  a wave- induced  oscillating  flow.  If  tlu' 
nozzle  axis  is  horizontal  and  parallel  with  the  direction  of  wave  tr.i\ei, 
the  axis  is  pointed  into  the  flow  part  of  the  time  and  with  the  flow  tb.e 
remainder  of  the  time.  If  the  axis  is  not  horizontal,  the  samiilc  is  drawn 
from  elevations  above  or  below  the  nozzle  mouth,  dojicnding  on  whetln  r Mh 
axis  is  pointed  up  or  down.  The  nozzle  orientation  with  the  least  a| parent 
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.Figure  3.  Profiles  at  Jennette's  Pier. 
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Con*fOl  Winch 


Figure  5.  Tractor-mounted,  suspended-sand  sampler  in  operation  on  pier 


t ias  is  utien  the  no;;le  axis  is  horizontal  and  parallel  with  the  wave 
crest.  For  the  sampling  equipment  used  in  these  tests,  the  nozzle  ivas 
oriented  approximately  perpendicular  to  the  pier  axis,  whicii  was  usually 
witliin  10°  of  the  wave  crest  although  it  may  have  been  as  much  as  20°  to 
25°  away  from,  parallelism  with  short-period  wave  crests.  The  nozzle  is 
approximately  horizontal  when  the  boom  is  at  a standard  angle  of  approxi- 
mately 15°  with  the  vertical.  Deviations  from  tlie  horizontal  position 
during  the  tests  were  slight,  and  arc  considered  unimportant. 

b.  Measuring  Nozzle  Height.  Two  methods  for  measuring  nozzle  heigh.t 
were  devised.  The  first  method,  used  in  the  Nags  Dead  sample  collection, 
consisted  of  two  measurements  made  with  each  change  of  the  nozzle  height. 
This  method  involved  reading  the  sampler  pipe  angle,  6,  and  measuring 
the  displacement,  R,  of  the  sampler  pipe  aboxe  its  minimum  level  when 
the  nozzle  was  at  the  ocean  bottom.  The  value  of  R was  determined 
indirectly  by  scaling  the  motion  of  a point  on  tlxc  winch  cable  which  cr>n- 
trolled  the  up  or  down  motion  of  the  sampler  l^pc.  Therefore,  in  the 
.N’ags  Head  samplings,  the  nozzle  height  above  bottom,  li,  is  given  by; 

i;  = R cos  e . 1 21 

For  the  Ventnor  samplings,  tlie  tractor-mounted  sampler  was  modified  by 
adding  a sampler  pipe  stop  (fig.  b)  • The  stop  was  added  to  [n'ct'cnt  tlu 
nozzle  from  clogging  in  the  ocean  bottom,  and  to  establish  a fixed  init'al 
nozzle  height  above  bottom  [the  initial  nozzle  height  with  P = 1.5. .1°  w.as 
0,25  foot  (7.C)  centimeters)].  ,A.s  an  aid  in  obtaining  nozzle  elevation 
quickly,  graphs  were  developed  to  relate  the  initial  nozzle  height  to 
and  then  to  determine  f from  6 and  R. 

Samples  were  collectetl  over  a range  of  nozzle  heights  above  tb.c  bottom 
to  determine  the  gradient  of  the  concentration  above  the  sediment  bed. 

Values  of  f ranged  from  the  minimum  of  about  0.25  foot  to  the  middeptli 
level  which  averaged  2.5  feet  (0.76  meter)  above  bottom.  Vertical  spacing 
between  samples  was  approximately  0.2  foot  (6  centimeters). 

.5.  Sand  Ripple  iiffects. 

In  addition  to  the  vertical  variation  of  suspeiuied- sed  iment  cor.cent  ■'a- 
tion,  the  concentration  also  varies  in  sj'iace  and  time  because  siisiH'ndoi’ 
particles  !>oil  upward  in  clouds  of  particles  when  w.-ive  crests  pass  over 
the  sand  ri[>ple  crests  (Fairchild,  1950:  Kennedy  ir.d  l.ocF.er,  19"21.  Vs 
obscrveil  in  wave  tanks,  sources  of  the  jxarticl  clouds  ajipear  to  lu’  ran 
domly  spaced  along  tlxe  ripple  crest,  but  whether  these  source  locations 
are  purely  random  or  not  is  not  known.  Tlie  following  hxpothesis  offers 
one  explanation  for  these  observat  ioi's . Random  locations  of  ]\irticle  clouds 
max-  result  from  flow  separation  and  "continuity"  effects  imposed  across  the 
flow  by  the  upstream  ripixled  bottom.  In  this  w.i)-,  constriction  of  the  near- 
bottom flow  into  zones  of  low  ri(inle  height  max  expl.-iin  why  [larticle  clouds 
are  sometimes  lifted  above  segments  x>f  ripple  crests  which  appe-ir  smoother 
titan  ailjacent  irregular  segments.  These  jxarticles  immedi.itelv  below  the 
local  maximum  velocity  in  t lu  e constti-  ted  .’ones  wouUI  be  the  fir;t  to  be 
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suspended;  adjacent  particles  would  become  suspended  later  with  further 
increase  in  orbital  velocity  as  the  wave  crest  nears  coincidence  with  the 
sand  ripple  crest.  At  this  point  the  particle  clouds  boil  upward  rapidly, 
move  sliglitly  ahead  of  the  sand  ripple  crest,  then  reverse  direction  as 
particles  settle  in  tiie  slower  velocities  under  the  wave  trough.  Ripple 
observations  show  that  particle  clouds  occur  for  sustained  times  (greater 
than  5 minutes)  at  the  same  source  points  along  the  ripple  crests,  which 
lends  evidence  to  the  hypothesis  since  time  is  required  for  the  ripple 
system  to  change,  and  thence  give  rise  to  sliifted  streamlines  with  con- 
sequent shifts  in  particle  cloud  locations.  Suspended-particle  clouds 
have  been  observed  not  only  in  the  laborator\-,  but  in  ocean  waves  in  the 
nearshore  zone.  Tlie  varying  distance  between  the  particle  cloud  sources 
and  the  intake  nozzle  apparent!)'  causes  randomness  in  the  quantit)’  of  sedi- 
ment pumped,  especially  when  pumping  is  within  6 inches  of  the  bottom. 

4 . Sample  Collection  and  Processing. 

a.  Sample  Pumping.  A ChRC  laborator>-  study  (Watts,  195.S)  indicated 
that  an  average  representative  sample  of  the  wave- induced  suspension  could 
be  obtained  by  pumping  if  the  ratio  of  intake  velocity  to  maximum  orbital 
velocity  is  about  2.  During  this  study,  intake  velocities  varied  from  18 
to  25  feet  per  second  (see  App.  A)  and  maximum  orbital  velocities  were 
generally  below  5 feet  per  second,  so  the  intake  velocity-orbital  velocity 
ratio  of  2 v;as  equaled  or  exceeded  for  the  bulk  of  the  data.  An  average 
of  40  gallons  of  sediment-laden  seawater  was  pum.ped  for  each  sample,  which 
required  2.5  to  3 minutes  of  pumping  through  the  0.5-inch  nozzle. 

b.  Decanting  Water-Sediment  Mixture.  In  the  suspended-sediment  col- 
lections described  in  this  study,  the  water-sediment  mixture  was  pumped 
directly  into  a collection-decanting  tank  calibrated  for  volume  versus 
tank  water  level.  Water  levels  in  the  tank  were  taken  on  completion  of 
pumping,  using  a Lory  point  gage,  and  recorded  on  the  sampling  data  sheet. 
The  total  volume  in  each  sampling  was  obtained  from  a calibration  graph, 
and  the  equivalent  saltwater  weight  for  this  volume  was  based  on  a specific 
gravity  of  64  pounds  per  cubic  foot.  The  ovendry  weight  of  the  sediment, 
decanted  and  reduced  from  the  water- sediment  mixture,  was  then  divided 
into  the  total  weight  to  obtain  the  concentration  by  weight  for  the  sam- 

pl ing. 

Partial  separation  of  the  sediment  from  the  pumjied  water-sediment 
mixture  was  acconqil i shed  in  the  field,  using  the  sediment  extraction  mech- 
anisms shown  in  figure  7.  for  the  Nags  Head  data  collection,  most  of  the 
samples  were  decanted  with  tank  2;  for  the  Ventnor  data,  most  were  done 
with  tank  3.  In  using  any  of  the  decanting  mechanisms,  5 minutes  was 
allowed  for  sediment  to  settle  after  the  sample  pumping  liad  ceased.  The 
methods  used  to  decant  the  water  from  tlie  sediment  in  tanks  1,  2,  and  3 
were  as  follows; 

(a)  In  tank  1,  the  sand  which  liad  settled  out  at  the  bottom 

of  a transparent  plastic  hose  loo]i  (fig.  7)  was  flushed  out  by 

lowering  the  discharge  end  of  the  hose  lielow  the  elevation  of  the 
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I'igure  7.  Three  collection-decanting  tanks. 
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water  level  in  the  tank.  A tliumb  held  o\'cr  the  liosc  discharge 
while  directing  it  into  a fluted  fcupjied'i  filter  paper  was 
removed  just  long  enough  for  the  sand  and  water  to  he  flushctl 
out  and  into  tlie  paper. 

(h)  In  tank  2,  sample  pumping  proceeded  witli  a large  rubber 
hall  in  an  upper  position  as  sliown  in  figure  7.  After  sediment 
settling,  the  ball  was  lowered  into  sto[)per  position,  thus  iso- 
lating water-sediment  volume  in  tlie  glass  jar  below  the  ball 
stopper  from  the  main  settling  tank  volume.  The  thread-connected 
glass  jar  was  then  careful !>■  removed  and  its  contents  poured  and 
flushed  into  a fluted  filter  paper. 

(c  j In  tank  .1  (a  stainless  steel  tank),  the  water  sediment 
mixture  was  jnimped  into  the  tank,  then  allowed  5 minutes  to 
settle  into  the  extraction  meclianism  (a  small  cylindrical  sec- 
tion at  the  bottom  of  the  tank)  (fig.  7);  entr>'  into  this 
section  wa<  controlled  from  above  h\'  a large  rubber  ball  stop- 
per. On  completion  of  particle  settling,  tlie  ball  stopper  was 
lowered  into  stopper  position,  thus  separating  the  lower  volume 
of  water-sand  mixture  (1  quart  or  less)  from  the  large  volume 
of  water  (4(»  gallons']  above.  .\e.xr,  the  hall  stopper  at  the 
bottom  of  the  extraction  mechanism  was  raised,  allowing  the 
contents  to  be  flushed  into  a fluted  filter  jwajier. 

c.  Sample  Packing,  Prying,  and  K'eiglting.  U'ben  tlie  excess  water  luu' 
drained  in  each  method  described  ibovc.  tlie  sediment  sample  in  the  flutt’ 
filter  paper  was  placed  in  a plastic  bag,  identified  by  collection  date 
and  data  sheet  number,  and  returned  to  CbRC  for  laboratory  analx-sis. 
samples  were  air-dried  at  room  tenperature  witli  tlrx'ing  completed  in  a 
temperature-controlled  oven.  Dry  sample-,  were  promptly  weighed,  in  , ;i 
attempt  to  assui-e  a uniform  moisture  content  at  the  time  of  weighing. 

d.  SettliiH’  lube  Analx'sis.  A settling  tufi-  malysis  (visual  accuir..: 
lation  method)  was  made  of  usable  samjiles  weighs.';  2 grams  or  more.  Si.  .,  en- 
tcen  of  the  415  samples  collected  at  Ventnor  weigi.-d  loss  than  2 graii.s. 

Tlie  results  were  reduced  to  graphs  of  sed  iment -s  i r ■.  d i st  r i knit  ion  in  bnth 
sets  of  data  and  excerpts  from  these  arc  included  in  Appendix  lb 

.5  . Data  folle c t e^ . 

The  concentration  of  suspended  sediment  caused  b>'  wave  action  in  and 
near  the  surf  zone  depends  on  tile  wave  and  sediment  characteristics, 
and  position  with  respect  to  the  bottom  and  the  bre.aker  line.  The  prin- 
cipal indejiendcnt  variables  in  this  studv  (oii.  1)  arc  the  wave  character- 
istics, the  position  of  the  sam]i!  . . and  some  information  on  sediment  sire. 
The  field  data  collected  for  each  s.impie  are  indicate!.;  on  a d.ita  sheet 
(fig.  8).  Data  rccoialed  on  these  sheets  have  been  reduced  and  are  tabu- 
lated in  Ajqiendix  A for  both  the  '.entisT  and  the  Tags  bead  data  collections. 
Other  necessarx-  data  . re  in  Appendixes  B,  C,  and  I'  whicli  .are  compilations 
of  bottom  profiles,  tide  curves,  aiwl  nart  i c 1 e- s i ze  curx’es,  respect  i x'e  1 x- . 
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The  most  important  characteristic  of  the  sediment  in  suspension  is 
fall  velocity.  In  general,  fall  velocity  depends  on  size,  shape,  specific 
gravity,  and  water  viscosity.  Since  most  of  the  sediment  was  rounded  quartz 

sand  grains,  the  shape  and  specific  gravity  do  not  significantly  vary,  so  ! 

the  most  important  sediment  characteristic  is  size.  To  initiate  transport  j 

of  a sediment  particle,  local  water  velocities  must  exceed  the  threshold  j 

velocity  of  the  given  particle  size.  The  threshold  velocity  for  the  range 
of  particles  sizes  reported  for  the  V'entnor  data  (0.12  to  0.15  millimeter, 
median  diameter)  is  about  0.8  foot  per  second  (Ranee  and  Warren,  1968; 

Komar  and  Miller,  197.5;  U.S.  Army,  Corps  of  engineers.  Coastal  Engineering  |i 

Research  Center,  1975).  Considering  the  range  of  wave  periods  and  heights 

reported  here  as  5 to  10  seconds  and  up  to  4 feet  in  height,  maximum  hori-  ^ 

zontal  velocities  up  to  8 feet  per  second  (more  than  10  times  threshold 
velocity)  may  be  expected  before  the  waves  break  in  a 5.5-foot  water  depth 
(Inman,  1956). 

6 . Wave  Data. 

In  the  Ventnor  data,  significant  wave  heights  and  periods  were  reduced 

from  strip-chart  recordings  obtained  from  a wave  gage  system.  The  system 

consisted  of  a pressure  transducer,  recorder,  amplifier,  and  about  800  feet 
(244  meters)  of  a two-wire  cable.  The  pressure  transducer  was  anchored 
near  the  bottom,  off  the  end  of  the  pier  at  station  1014  in  a 15-foot  (4.6 
meters)  water  depth.  This  station  was  about  600  feet  (18,5  meters)  seaward 
of  the  midrange  of  the  sampling  stations  where  water  depths  averaged  onlv 
2 to  5 feet  (0.6  to  1.5  meters).  The  wave  gage  system  produced  a strip- 
chart  recording  of  the  wave  characteristics  during  each  sample  collection, 
except  during  the  last  2 days  of  the  fieldwork  wlien  the  recorder  failed. 

Visual  estimates  of  wave  breaker  height  were  then  made  on  a spot-check 
ba  sis. 

In  the  Nags  Head  data,  wave  records  were  obtained  from  a CT-RC  staff 
gage  located  on  .Jennette's  I'ier.  The  gage  produced  20-minute  programed 
recordings  on  a paper  strip  chart  and  continuous  recordings  on  magnetic 
tape.  The  magnet ic-tape  records  were  analyzed  by  the  CfRC  wave  spectrum 
analyzer  which  gives  a wave  energy  spectrum  over  a range  of  wave  periods, 
a linear  average,  a scjuare  average,  and  peak  wave  heights.  The  signifi- 
cant wave  height,  ll^,  was  obtained  from  the  peak  wave  lieight,  using  the 
formula,  = 0.67,  where  Sll^^  is  the  significant  height  on  a jiaper 

strip-cliart  recording  and  P!i^  is  the  peak  height  from  the  analysis  by 
the  spectrum  analyzer  of  the  magnetic-tape  record.  Values  of  significant 
wave  height  thus  obtained  for  Nags  Head  are  compiled  in  Aiipend i x A. 

m.  DATA  ANAbYSKS 

This  section  discusses  the  suspended-sediment  concentrations  obtained 
from  the  piers  at  Nags  Head  and  Ventnor.  The  apjiroach  is  empirical,  and 
aims  at  separating  relations  between  the  independent  variables  of  equation 
(1)  and  the  dependent  variable,  concentration,  using  data  in  Appendixes  A 
to  I'.  The  discussion  includes  sediment-size  data,  the  relation  betwocTi 
concentration  and  the  position  of  the  sample,  the  relation  between  concen- 
tration and  the  wave  conditions,  and  causes  of  observed  scatter. 
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1 . Concent  rat  ion. 

Figure  9 shows  the  distribution  of  suspended-sediment  concentration 
(in  parts  per  thousand)  for  this  study.  The  median  concentration  of  all 
samples  is  about  0.15  parts  per  thousand  for  Nags  Head  and  slightly  greater 
for  Ventitor.  The  maximum  measured  concentration  reached  4 parts  per 
thousand  in  the  Nags  Head  samples  and  2.6  parts  per  thousand  in  the  Ventnor 
samples.  Some  of  the  extreme  Nags  Head  samples  were  possibly  due  to  the 
nozzle  being  without  the  footplate  (Fig.  6)  during  that  part  of  the  study. 
Without  the  footplate  the  nozzle  m.ay  have  been  closer  to  the  bottom  at  times 
and  sucked  more  sediment. 

2.  Sediment  Size. 

Sediment-size  data  are  summarized  in  the  table, in  Figures  10,  11,  and 
12,  and  in  Appendix  1).  Tliese  data  indicate  that  the  median  size  of 
suspended-sediment  samples  was  typically  about  0.13  millimeter  at  Ventnor 
and  about  0.18  millimeter  at  Nags  Head.  Contemporary  beach  samples  at 
Ventnor  had  a median  size  of  about  0.20  millimeter  (App.  0,  Fig.  0-4); 
contemporary  bottom  samples  at  Nags  Head  were  between  0.23  and  0.35  milli- 
meter at  stations  where  suspended-sediment  size  was  only  about  0.16  to 
0.22  millimeter  (see  Table).  Because  no  bottom  samples  were  collected 
contemporaneously  with  the  suspended  sediments  at  Ventnor  in  1965,  a few 
bottom  and  suspended-sediment  samples  were  collected  later  in  March  1971 
at  that  localit}'  (Schweppe,  1971).  Bottom  samples  at  Nags  Head  were 
collected  by  a grab  sampler  operated  from  the  pier  deck,  and  at  Ventnor 
by  a diver  scooping  sand  into  a plastic  sample  bucket. 

The  table  compares  the  median  size  of  bottom  and  suspended-sediment 
samples.  The  median  size  of  bottom  or  beach  sediments  is,  in  all  cases, 
greater  than  the  median  size  of  the  suspended  sediment  at  that  time.  For 
the  data  shown,  the  median  size  of  bottom  samples  at  Nags  Head  was  about 
63  percent  greater  than  the  suspended  samples;  the  median  size  of  the 
beach  samples  in  May  1965  at  Ventnor  was  about  54  percent  greater  than  the 
size  of  the  suspended  samples.  However,  the  few  data  from.  I'entnor  in  March 
1971  indicate  a percent  difference  of  onl\-  22  percent,  apparently  because 
the  suspended-sediment  samples  were  much  coarser  in  March  1971  than  in  May 
1965.  The  reason  for  this  is  not  known,  but  possible  explanations  include 
effects  of  depth  changes,  water  temperature,  or  wave  conditions  (Schweppe, 

1 97 1 ) . 

The  circles  in  Figures  10,  11,  and  12,  show  that  coarser  sediment  does 
get  suspended,  and  the  coarsest  5 percent  of  tlie  sample  is  often  more  than 
twice  the  median  size  in  millimeter.  Also,  these  data  shovv'  surprisingly 
little  variation  in  median  size  with  increase  in  water  depth  (Fig.  10), 
nozzle  elevation  (Fig.  11),  or  distance  from  the  breaker  (Fig.  12).  There 
does  appear  to  he  a slight  tendency  for  size  to  decrease  with  increasing 
water  depth  and  nozzle  elevations. 

One  restriction  on  attcmjiting  to  establish  relations  between  the  median 
size  of  the  suspended  sediment  and  the  otlier  indepeiident  variables  of  equa- 
tion (1)  is  that  median-size  variation  in  the  availalile  sand  is  usually 
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figure  12.  Median  and  coarse  sand  sices  distributed  by  distance  from 
breaker  position. 
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sm.'ill.  Most  of  the  saiul  is  so  well  sorted  that  the  variation  ainon^  sarples 
iijay  bo  less  than  t lie  error  inherent  in  sani])ling  and  determining  the  size 
data . 

3.  Sample  Position. 

Three  of  the  independent  variables  in  cqtiation  (1)  describe  the  sample 
position--S  is  the  horizontal  location  with  respect  to  the  defined  breaker 
position,  d is  the  loc.il  water  depth,  and  f.  is  the  nozzle  elevation 
above  the  bottom.  figures  15,  M,  and  15  show  the  measured  distribution 
of  these  variables  in  histogram  form. 

Individual  waves  in  a scries  of  waves  approaching  shore  may  break  at 
different  locations,  rather  than  at  a single  point.  for  the  Ventnor  data, 
stations  defining  either  end  of  the  range  of  breaker  positions  were  deter- 
mined and  the  inidstation  within  the  ranic  was  defined  .as  the  breaker  posi- 
tion. figure  15  shows  tlic  distribution  of  samples  relative  to  the  breaker 
position,  i'hese  data  indicate  that  about  b7  percent  of  the  \cntnor  data 
were  collected  witliin  25  feet  of  the  breaker  zero  and  onl\'  11  percent  were 
more  tlian  50  feet  from  the  lireaker  zero.  About  45  percent  of  the  samjile 
locations  were  shoreward  of  the  lireaker  zero  and  55  percent  were  seaward, 
since  the  waves  were  often  small,  and  consequently  the  surf  zone  was  shalhfw. 
there  was  a tendenc)’  to  collect  data  from  the  seaward  locati<ms. 

figure  14  indicates  the  range  of  water  depths  during  sampl  dig  ;it  tb.e 
two  piers.  By  comparing  the  profiles  si'.own  on  figures  5 and  4,  it  was 
possible  to  sam]ilc  at  gre.ater  dejitlts  from  .Jennette's  I'ler  than  from  City 
i’ier.  The  profiles  sliow  depths  of  about  12  feet  c.xtendcd  150  feet  along 
• leitnctte's  I’ier,  landward  of  the  major  longsiiore  bar,  but  at  \entnor  it  w.is 
necessary  to  get  seaward  of  the  major  bar  before  reaching  12-foot  depths. 
Although  the  extreme  deptlis  were  greater  at  Nags  Head,  the  most  commonlv 
sampled  depths  were  greater  at  \enttior  (fig.  11). 

figure  15  indic.-ites  the  range  of  nozzle  el  ev.at  ions . At  both  piers, 
the  most  common  nozzle  elevation  was  in  the  range  ('.5  to  0.(>  foot  off  the 
bottom,  and  nearly  half  of  the  samples  were  within  O.o  foot  of  the  bottom. 
Some  of  the  extreme  Nags  Head  elevations  were  more  than  lb  feet  above 
but  tom . 

bistance  from  tlic  breaker  position,  S,  is  ver\-  inqiortant  . hading 
any  other  information,  it  is  assumed  that  sediment  coitccnt rat  ion  will 
increase  at  and  shoreward  of  the  breaker  position,  as  compared  to  tbe  con- 
centration seaward  of  the  breaker.  figure  1(>  supports  this  assum]'tion, 
using  data  from  Apjiendix  A.  Ihe  increase  in  sediment  concentration  can  be 
u[t  to  two  ortlers  of  magnitude,  as  sliown  by  these  data,  and  the  concentration 
increases  signi  ficant  1\'  with  closeness  to  the  bottom.  I'ata  to  be  presented 
Liter  show  th.at  breaker  t>pc  also  affects  concentration  for  given  values 
of  S. 

IV.iter  depth  is  onl\  inculentally  rel.-itcd  to  suspended -sed in’ont  concen- 
tr.it  ion  in  that  depth  controls  breaking  wave  height  and  maximum  possible 


29 

li 


Distribution  of  samplinp  positions,  relative  to  breaker 
position. 
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nozzle  elevations.  In  general,  there  is  no  direct  correlation  between 
depth  and  concentration,  a fact  which  is  indicated  by  the  data  on  Figure 
17. 

The  elevation  of  the  nozzle  above  the  bottom,  F,  will  have  an  impor- 
tant effect  on  the  measured  concentration,  C.  This  is  evident  in  Figure 
16  where  the  concentration  at  the  breaker  line  goes  from  about  2 parts  per 
thousand  for  F.  less  than  0.28  foot,  to  about  0.5  parts  per  thousand  for 
F between  0.55  and  0.63  foot,  to  about  0.5  parts  per  thousand  for  F 
between  0.85  and  1.05  feet. 

Figure  18  shows  all  data  obtained  at  Ventnor  in  a plot  of  F versus  C. 
The  trend  of  increasing  C with  decreasing  F is  apparent,  but  the  scatter 
is  large,  evidently  due  to  the  effect  of  other  variables.  Superimposed  on 
Figure  18  are  two  sets  of  data  from  short-time  intervals  when  these  other 
variables  are  assumed  not  to  vary.  Over  these  shorter  time  periods,  the 
expected  trend  shows  less  scatter. 

Figures  19  and  20  illustrate  C versus  F plots  from  \entnor  and  N'ags 
Head,  respectively.  Figure  19  shows  the  logarithmic  decrease  in  concentra- 
tion with  elevation  above  bottom  which  has  previousl}'  been  found  in  both 
laboratory  and  field  studies.  In  comparing  the  three  plots  on  Figure  19, 
the  highest  concentrations  (C  = 2.4  parts  per  thousand)  are  achieved  in  the 
one  set  of  data  where  F,  was  loss  than  0.4  foot.  The  fact  that  the  linear 
relation  on  a log  plot  breaks  down  near  the  bottom  has  been,  noted  i;,  lab- 
oratory tests  (MacDonald,  1977),  and  is  illustrated  by  the  data  on  Figure 
20  which  suggest  that  C increases  more  rapidly  near  the  bottom. 

4.  Wave  Conditions. 


There  are  three  variables  of  interest  to  this  study  descrilving  the 
waves  in  the  surf  zone--wave  height,  wave  period,  and  breaker  type.  The 
distribution  of  wave  heights  and  periods  during  the  data  collection  is 
shown  in  histogram  form  on  Figures  21  and  22.  These  data  suggest  ll’at  the 
most  commonly  occurring  wave  height  was  a little  more  than  1 foot  at  both 
sites,  but  the  extreme  heiglits  were  greater  at  Nags  Head  (Fig.  21).  The 
dominant  wave  periods  were  5 to  8 seconds  at  i’entnor  and  7 to  12  secon<ls 
at  .Nags  Head  (Fig.  22). 

In  general,  suspended-sediment  concentration  docs  not  vary  grc.a‘ ly 
with  wave  height  when  all  other  \ariables  are  fairly  constant.  Figures 
23  and  24  show  no  definite  correlation  between  wave  height  and  concentra- 
tion at  Ventnor  and  Nags  Head.  The  lack  of  correlation  between  11^.  and  C 
is  similar  to  the  Lack  of  correlation  between  d and  C (Fig.  17).  llowa.\er, 
the  ratio,  Hg/d,  of  these  two  variables  docs  have  a positive  correlation 
with  C (Fig.  25).  (See  Fig.  8 in  Fairchild  (1973)  for  additional  plots.) 
Possibly,  H,./d  is  a measure  of  samj.iling  positjon  witli  respect  to  the 
breaker  position,  and  thus  is  related  to  the  correlation  between  C and  S 
(Fig.  16). 
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concentration  with  elevation  at  V^entnor  for  three 
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Figure  20.  Decrease  in  concentration  with  elevation  at  ilags 
selected  samples. 
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gure  25.  Lack  of  relation  between  concentration  and  wave  height  at 
Ventnor . 
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Figure  25.  Dependence  of  maximum  concentrations  in  height -to-depth 
ratio. 


Short  wave  periods  arc  expected  to  maintain  a higher  mean  suspended- 
sediment  concentration  in  the  surf  zone,  because  there  is  less  time  between 
waves  for  the  sand  to  settle  out.  However,  the  data  suggest  that  a detailed 
analysis  beyond  the  level  of  this  report  is  needed,  eit'ner  to  prove  or 
disprove  that  hypothesis.  Tliis  is  due  to  the  relativel)'  small  variation 
in  wave  periods  observed  and  the  confusing  effects  of  the  other  variables. 

In  some  cases  where  the  expected  relation  iietwecn  C and  T is  apparently 
jiresent,  variations  in  other  variables  occur  which  could  equally  explain 
the  relation. 

Breaker  type  was  classed  as  spilling  (sp) , spi 1 1 i ng-plunging  (spp) , am. 
plunging  (p) ; these  data  are  tabulated  in  Appendix  .A.  Aitliough  breaker 
type  is  dependent,  at  least  in  part,  on  wave  height  and  period  (Galvin, 
19t)8),  it  is  clear  from  this  stud\-  that  breaker  type  is  important  in  clas- 
sifying suspended- sediment  data. 

Figure  26  shows  suspended-sediment  concentrations,  one  set  of  data  for 
each  of  3 days,  as  a function  of  breaker  t>pc  and  distance  from  the  •rarer 
point.  For  these  data,  the  highest  concentration  occurs  with  the  pi  .r^'ing 
waves  near  tlie  breaker  line.  The  lowest  concenti-ations  occur  for  spilMnc 
breakers  inshore  of  the  breaker. 

5 . Sources  of  Scatter. 

The  figures  in  this  report  show  tliat  tb.ere  arc  few  clear  trends  bt'‘-’.%cen 
variables.  In  part  this  may  be  due  to  errors  in  measuring  and  j'>rocess:ng 
the  data;  much  of  the  scatter  is  due  to  the  effects  of  otlier  measured  but 
uncontrolled  variables.  However,  it  is  the  author's  opinion  that  much,  of 
the  scatter  is  due  to  the  difficult}-  of  maintaining  constant  condition.- 
during  sampling.  In  particular,  scatter  can  be  due  to: 

(a)  The  unknown  position  of  the  nozzle  with  respect  to  the 
poii'.ts  along  ripjiles  whore  significant  sediment  is  being  entrained' 

Based  on  laboratory  expevience  (Fairchild,  1956),  it  is  believed 
that  variation  in  actual  sediment  suspension  along  a rijiple  cres: 
can  cause  C to  vary  1 >'  a factor  of  5 or  even  10. 

(b)  The  unknown  position  of  the  nozzle  (vertical  or  liori- 

zontal)  with  respect  to  ripple  crests.  Concentration  is  iinerst.}- 
proportional  to  nozzle  elevation  above  th.e  bottom,  with  concen- 
tration increasing  rapidlx'  near  the  bed  (Fig.  19) . Concentration 
above  a ripple  crest  may  be  four  or  five  times  greater  than  in 

ripple  troughs  (Fairchild,  19591.  Figures  IS,  19,  and  20  show 

that  most  sample:  at  botli  pier-  were  taken  witliin  1 fool  of  the 
sand  bottom. 

Some  error  occurs  in  identifying  breaker  position  to  establisli  t i.e 
point  where  .S  = 0.  Frrors  also  occur  in  measuring  wave  heicht  and  period, 

but  these  arc  thought  to  be  less  important  sources  of  scattir  than  tho- - 

due  to  tlic  position  of  the  nozzle  r<-1ati\e  to  the  suspended  sedimeir 
sources . 
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Figure  20.  Increased  concentration  during  plunging  breakers  at  station 
349,  Ventnor. 


IV.  POTENTIAL  APPLICATIONS 
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1 . Coastal  Engineering . 

A primary  reason  for  coastal  engineering  interest  in  suspended-sediment 
concentrations  in  the  surf  zone  is  to  estimate  the  contribution  of  suspended 
sediment  to  littoral  transport.  There  has  long  been  an  interest  in  using 
such  concentrations,  along  with  longshore  current  velocity  and  surf  zone 
area,  to  predict  longshore  transport  (Watts,  195.'5) . The  measurements  in  this 
report  indicate  a difficulty  in  characterizing  average  suspended-sediment 
values  in  the  surf  zone  since  concentration  rises  rapidly  near  the  bottom 
(Figs.  19  and  20),  and  is  influenced  by  many  variables.  In  addition,  con- 
centration values  are  low,  averaging  less  than  0.2  part  per  thousand  in 
the  measurements  reported  here,  and  only  occasionally  rising  above  1.0 
part  per  thousand. 

Fairchild  (1973)  suggested  that  suspended-sediment  concentrations  in 
the  surf  zone  increase  with  wave  height  in  the  same  trend  that  suspended 
concentrations  increase  with  depth  in  unidirectional  open  channel  flows. 

The  data  also  show  that  suspended  sediment  has  a smaller  median  size 
than  the  contemporaneous  bottom  sediment.  This  is  expected  since  it  is 
easier  for  the  turbulence  to  maintain  smaller  sizes  in  suspension.  Such 
a size  differential  provides  the  mechanism  for  sediment  sorting,  both  in 
the  longshore  and  onshore-offshore  direction.  Data  on  this  size  differen- 
tial should  assist  in  the  design  of  beach  fills  and  in  a better  understand- 
ing of  longshore  transport. 

2 . Longshore  Transport  Example. 

Order  of  magnitude  estimates  of  the  contribution  of  suspended  sediment 
to  the  total  longshore  transport  rate  have  been  made  by  Watts  (1953),  Galvin 
(1973),  and  Fairchild  (1973).  This  section  presents  a modification  of 
previous  examples.  From  the  data  presented,  it  appears  that  most  of  the 
suspended  sand  is  within  an  elevation  F*  = 0.4  foot  of  the  bottom,  and  that 
C = 1.0  parts  per  thousand  is  a characteristic  concentration  within  that 
zone  very  near  the  bottom.  A continuity  equation  for  longshore  transport 
rate,  Q,  based  on  the  amount  of  sand  transported  through  the  near-bottom 
surf  zone  is: 


Q = 0.05  CL*WV'j^  , (3) 

where  0.65  is  the  conversion  factor  between  concentration  by  weight  and 
effective  volumetric  concentration  (Galvin,  1973,  p.  965),  W is  the  width 
of  the  surf  zone,  and  Vj^  is  the  longshore  current  velocity.  For  the  surf 
zones  in  this  study,  W is  300  feet  or  less  under  ordinary  conditions. 
Usually,  is  less  than  1 foot  per  second  (U.S.  Army,  Corps  of  Engineers, 

Coastal  Engineering  Research  Center,  1975,  p.  4-47).  Evaluating  for  Q 
with  C = 1 part  per  thousand,  E*  = 0.4  foot,  W = 500  feet,  = 1 foot  per 
second  gives  Q = 91,000  cubic  yards  per  year.  Evaluations  of  Q,  thus 
computed,  are  about  10  to  20  percent  of  long-term  estimated  transport  rates 
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at  the  sites,  even  though  contributions  from  storms,  during  which  when  most 
of  the  transport  occurs,  have  been  omitted.  If  suspended-sediment  transport 
in  storms  could  be  included  in  the  evaluation,  the  factor  of  10  to  20  per- 
cent noted  may  increase  significantly.  This  suggests  that  suspended- 
sediment  transport  is  an  important  factor  in  total  longshore  transport  rate, 
but  that  the  fractional  proportion  of  Q,  not  including  storms,  may  be 
relatively  small. 

3 . Future  Studies. 

This  report  identifies  improvements  needed  in  future  field  studies  of 
this  type.  It  is  important  to  be  able  to  sample  as  close  to  the  bottom 
as  possible,  without  disturbing  the  bottom.  It  is  important  to  know  more 
precisely  where  the  nozzle  elevation  is  with  relation  to  the  bottom,  both 
with  respect  to  elevation  above  the  mean  bottom  and  with  respect  to  the 
ripple  crest.  It  would  be  useful  to  measure  the  variation  in  concentra- 
tion in  the  longshore  direction,  possibly  by  simultaneous!)'  sampling  from 
two  positions  along  the  same  ripple  crest.  More  bottom  samples  are  needed 
at  the  time  of  sampling  to  better  correlate  the  size  differences  between 
suspended  and  bottom  samples.  The  wave  conditions,  including  height,  period, 
breaker  type,  and  distance  to  breaker  line,  need  to  be  measured  at  the  same 
station  as  the  sample  collection  if  wave  conditions  are  to  be  better  cor- 
related with  suspended-sediment  concentration.  Data  collection  under  higher 
wave  conditions  is  needed. 

Finally,  the  data  presented  in  this  report,  especially  Appendix  A,  can 
be  further  analyzed  to  yield  a better  understanding  of  suspended  sediment 
in  the  surf  zone.  A statistical  analysis,  aided  by  physical  theory,  of 
dimensionless  combinations  of  the  independent  variables  in  equation  CH 
would  be  especially  appropriate. 

V.  CONCLUSIONS  FROM  FILLD  STUDY 

1.  Concentration  decreases  logarithmically  with  elevation  above  the 
bottom,  except  very  near  the  bottom  where  concentration  may  be  higher 
than  a logarithmic  extrapolation  would  predict  (Figs.  19  and  20). 

2.  Concentration  increases  as  wave  height  increases  relative  to  local 
water  depth.  Concentration  rises  rapidly  to  maximum  values  as  the  wave 
nears  the  height-to-depth  ratio  of  0.8  (Fig.  25). 

3.  Plunging  breakers  appear  to  suspend  the  most  sediment  and  spilling 
breakers  the  least  (Fig.  26). 

4.  Median  size  of  the  suspended  samples  decreases  gradually  with 
elevation  above  the  bottom  (Figs.  10  and  11).  There  is  some  suggestion 
in  the  V'entnor  data  that  the  median  size  of  suspended  particles  is  larger 
at  the  center  of  the  breaker  zone  than  immediately  to  either  side  of  the 
breaker  zone  (Fig.  12).  Also,  there  was  less  variation  of  sand  size  with 
nozzle  height  in  the  smaller  size  Ventnor  sand  than  at  Nags  Head. 
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5.  Suspcndpci  sediment  in  and  near  the  surf  zone  is  significantly  finer 
than  contemporaneous  bottom  sediment  (Table). 

6.  Concentrations  measured  in  this  field  study  are  approxim.ately  equal 
to  those  measured  in  the  laboratory. 
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APPENDIX  A 


COMPILATION  OF  SUSPENDED- SEDIMENT  DATA 


Compilation  of  data  from  suspended-sediment  collections  at  the  Ventnor 
City  Pier,  May  1965  (Table  A-1)  and  the  Nags  Head  Jennette's  Pier,  April 
1964  (Table  A-2)  is  as  follows: 


Column 

No . 

Heading 

Description^ 

1 

Sample  No. 

Consecutive  number  of  sample  collection  pump- 
ing (missing  numbers  are  samples  which  were  dis- 
carded or  below  minimum  sample  weight). 

2 

C 

Concentration  of  sample  (in  parts  per  thousand) 
by  weight. 

3 

Sta.  No. 

Station  number  is  distance  (in  feet)  from  con- 
crete wall  on  landward  side  of  boardwalk  at 
Ventnor  and  the  shoreward  end  of  the  pier 
deck,  landward  of  the  dune  line  at  Nags  Head. 

4 

E 

Nozzle  height  above  bottom  (in  feet). 

5 

u . 

Nozzle  intake  velocity  (in  feet  per  second) . 

0 

K . 

Significant  wave  height  (in  feet)  from  gage  at 
station  number  1015  at  Ventnor  and  station 
number  650  at  Nags  Head. 

1 

d 

Water  depth  (in  feet)  at  point  of  sample 
coll ect ion . 

8 

S 

Horizontal  distance  from  the  breaker  line  to  th 
sampling  station  at  the  time  of  the  sample. 
(Distances  to  stations  landward  of  the  breaker 
line  are  positive.) 

9 

Preaker  type 

Identified  as:  sp,  spilling  waves;  p, 

plunging  waves;  and  spp,  spil ling- 
plunging  waves. 

10 

S^. 

Distance  (in  feet)  from  sampling  station  to 
SWL-beach  slope  intercept. 

11 

T,, 

Significant  wave  period  (in  seconds). 

12 

Tide 

Water  level  (in  feet)  above  or  below  MSL. 

^Sce 

also 

Symbols  and  Definitions 
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Table  A-l.  Suspendctl-sand  sampling  data,  Ventnor, 
Nei*  Jersey,  May  1965. -Coni  inucd 


3 

4 

5 

7 

F 

10 

n 

12  1 

Sample 

c 

Sta.  No. 

h 

”, 

d 

S 

Breaker 

S, 

Tide  1 

No. 

(°/oo) 

(ft! 

(ft/s) 

(ft) 

(ft) 

dlVJ 

type 

(ft) 

t 

(ft)  j 

96 

0.090 

4 30 

0.59 

25.7 

1 ■ 66 

6,12 

♦ 55 

sp 

215 

10.0 

♦1.92  ! 

97 

0.112 

430 

0.69 

26.3 

1.86 

6.14 

.55 

sp 

215 

10.0 

•1.94  I 

99 

0.025 

430 

1.08 

26.5 

1.75 

6.19 

• 80 

spp 

215 

10. 0 

*1.99  1 

100 

0.062 

430 

1.28 

24 .6 

1.13 

6.19 

•95 

spp 

215 

ic.o 

•1.99 

101 

0.039 

430 

1 .48 

25.8 

1 .65 

6.15 

• 85 

spr 

214 

11.0 

•1.95  1 

102 

0.036 

430 

1.77 

25.5 

1 . 32 

6.10 

♦ 85 

spp 

214 

11.0 

•1.90  ' 

104 

0.043 

430 

2.73 

22.2 

1.81 

5.92 

♦ 80 

spp 

211 

10. 0 

•1.72  ! 

108 

0.074 

430 

0.20 

23.7 

1.24 

4.20 

♦55 

spp 

140 

8.0 

0.00 

no 

0.067 

430 

0.30 

24.2 

1 .10 

4.00 

♦ 85 

spp 

95 

11.0 

-0.4C  , 

111 

0.048 

430 

0.30 

25.7 

1.10 

3.95 

• 85 

spp 

94 

11.0 

-0  45  ■ 

112 

0.202 

430 

0.40 

22,8 

1 . 30 

3.84 

♦ 85 

spp 

94 

10.0 

-O.Se  1 

115 

0.()48 

4 30 

0.49 

22.8 

1.34 

3.78 

.85 

spp 

92 

11  .0 

-0.6:  ' 

117 

0.017 

4 30 

1.20 

21.0 

1.02 

3.36 

♦ 85 

vSPF 

83 

u.o 

-l.('4  1 

118 

0.024 

430 

1.48 

19.6 

1.11 

3.28 

♦ 85 

.spp 

82 

10.0 

-l.U 

120 

0.176 

4 30 

0.18 

19.5 

1 . 38 

3.08 

♦ 25 

spp 

11.0 

-1.32  i 

121 

0.185 

430 

0.18 

19.7 

1 .02 

3.06 

♦ 25 

spp 

69 

11.0 

-1.3)  1 

122 

0.055 

430 

0.26 

19.6 

1.09 

3.00 

♦ 2.S 

spp 

67 

11. 0 

-1.4* 

123 

0.049 

4 30 

0.28 

20.0 

1.10 

3.00 

*25 

spp 

67 

11.0 

•1.40 

124 

0.070 

430 

0.  .38 

19.6 

1.10 

3,00 

.25 

spp 

67 

7.0 

-1.4P  1 

125 

0.047 

430 

0.48 

21.5 

1.20 

3.00 

.25 

spp 

67 

7.0 

-I.4C  1 

126 

0.027 

430 

0.S7 

19.2 

1,15 

3.03 

.25 

spp 

69 

10.0 

-1.3-  1 

127 

0.090 

430 

0.76 

19.0 

0.85 

3.05 

♦ 25 

spp 

■'S 

10  0 

• .35  * 

128 

0.025 

4 30 

0.95 

19.0 

1 

3.12 

♦ 2S 

spp 

•^8 

•. .28  1 

130 

0.053 

.1.10 

1.45 

J9.5 

— 

3. 18 

.25 

spp 

80 

— 

-1  22 

131 

0.023 

4 50 

1.93 

19.7 

— 

3.20 

.25 

spp 

60 

1.20  1 

132 

n.095 

4 50 

0.28 

19.6 

— 

3.38 

.25 

spp 

83 

— 

-1.02  = 

133 

0.105 

4 30 

0.28 

19.7 

— 

3.  M 

*25 

spp 

84 

-0.96 

134 

1.236 

349 

0.42 

22.8 

1.57 

2.11 

.9 

p 

109 

7.0 

•1.29  ’ 

155 

0.553 

.349 

0.42 

23.2 

1.57 

2.14 

.9 

p 

no 

7.0 

•1.32  ! 

136 

0.644 

349 

0.50 

24.9 

1 ■ 

2.22 

-1 

p 

114 

6.0 

•1.4,  , 

137 

0.806 

349 

0.50 

24.0 

1 . 36 

2.26 

-1 

p 

117 

7.0 

•1.44  1 

138 

1 . 398 

349 

0.60 

24.9 

1 .86 

2.. 36 

-1 

p 

120 

11.0 

*1.54  j 

139 

0.88? 

349 

0.69 

24.5 

1 .44 

2.40 

-1 

p 

12C 

11.0 

•1.58  ; 

14(1 

0.141 

349 

0.  79 

25.: 

1.22 

2.47 

p 

122 

7.1) 

• ] . 6.«-  ■ 

HI 

1 . 254 

.VI 

0.40 

25.4 

1 .M 

2.52 

-1 

p 

l.M 

s.n 

*1. 

m; 

II.  7 Ml 

.VI  9 

0.40 

;s.o 

\ .IK 

2 . %!• 

•1 

V 

l.*4 

6,0 

.I.'.'  1 

H3 

0.H04 

.349 

0.50 

24 .5 

1 .41 

2.62 

.4 

p 

124 

(..0 

•l.8f'  ' 

144 

0.431 

349 

0.50 

24.8 

1.27 

2.64 

*4 

p 

126 

9.C 

• 1 .r: 

145 

0.6SO 

349 

0.60 

2.3.5 

1.17 

2.34 

*4 

p 

120 

n .0 

*1.52  ! 

146 

0.486 

349 

0.70 

24.5 

1.12 

2.30 

♦ 4 

p 

119 

6.0 

•1.4S  1 

U7 

i.ons 

3J9 

0.80 

24.8 

1.23 

2.14 

• .1 

p 

110 

7.0 

•1.37  1 

14S 

0.682 

349 

0.55 

25.0 

1.22 

2.05 

8-1 

p 

104 

7.0 

*1.23 

! 149 

0.377 

319 

0.55 

24.5 

1 .02 

2.01 

*4 

p 

103 

8.0 

.1,19  ' 

ISO 

1.342 

.349 

C.65 

18.9 

1,35 

1.90 

• 4 

p 

102 

7.0 

* J . 08 

151 

0.079 

349 

0.05 

9.4 

1.47 

1.82 

♦ 4 

r 

101 

7.0 

•1  00 

152 

0.033 

770 

n.2(- 

22.0 

1 

8.00 

441 

p 

441 

7.0 

-0.50  1 

153 

0.055 

770 

0.26 

21  .6 

1 .60 

7.96 

441 

p 

441 

9.0 

-0.54 

165 

0.126 

J74 

C.48 

25.3 

1.15 

2.05 

• 6 

p 

84 

9.0 

.0.44  1 

!66 

0.0.57 

.374 

0.58 

25.2 

1,53 

2.11 

♦ 6 

p 

85 

7.0 

♦0..30  i 

16" 

0.014 

374 

0.66 

26.0 

1 .31 

2.13 

♦6 

p 

94 

8.0 

♦0.5:  1 

168 

0.303 

371 

0.74 

25.5 

1.30 

2.27 

♦6 

r 

100 

7.0 

♦ 0.6( 

169 

0.034 

374 

0.88 

26.2 

1.40 

2.41 

♦ 6 

r 

104 

7.0 

♦0.80  . 

170 

0.236 

374 

0.93 

25.6 

1.12 

2.43 

• r 

r 

106 

9.0 

♦0.6 

171 

0 039 

374 

0.98 

26.2 

1.14 

2.56 

♦ 6 

spp 

125 

•0.9 

173 

0.022 

374 

1 . 18 

26.3 

0.96 

2.71 

♦ 6 

spp 

127 

8.0 

♦ i.r 

174 

0,054 

374 

1.28 

26.0 

1.17 

2.73 

♦ 6 

spp 

128 

7.0 

♦ l.i; 

175 

0.045 

374 

1.38 

26.5 

1.15 

2.83 

*6 

spp 

129 

9.0 

♦1.22 

176 

0.072 

374 

1.43 

25.7 

1.24 

2.87 

.6 

spp 

129 

7.0 

*1.2f 

179 

0.016 

374 

1.73 

26.6 

1 .0,3 

3.05 

♦32 

spp 

136 

8 C 

♦1.44  j 

181 

0.014 

.374 

1.95 

25.3 

1 .13 

3.08 

.32 

spp 

138 

7.0 

♦1  .47  1 

183 

0.019 

374 

2.08 

25.8 

1.25 

3.10 

•32 

spp 

140 

h .0 

.49  1 

^No  data. 
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Table  A-1.  Suspended -sand  sampling  data,  Vcntnor, 
New  .lersey,  May  1965 . -ConT  inued 


Sample 
’ No. 

L 

2 

C 

(O/oo) 

3 

Sta.  No. 

4 

E 

tft) 

5 

(ft/?) 

"a 

(ft) 

■fO 

8 

S 

(ft) 

9 

Breaker 

t>'pe 

r 

10 

Sa 

trt) 

I 

('■ 

12 

Tide 

ft) 

1.709 

390 

0.  16 

16.7 

1.25 

1.00 

-10 

<p 

26 

7 0 

326 

0.644 

390 

0.4IS 

22,4 

1.24 

1.02 

-10 

sp 

27 

7.0 

-1  .30 

327 

0,833 

390 

0.S6 

21 .4 

1.16 

. . M 

-0 

sp 

38 

6.0 

-1.18 

328 

0.715 

390 

0.56 

22.0 

1.17 

1.17 

-0 

38 

b.J 

-I.!S 

329 

1 . 168 

390 

0.66 

23,6 

1 .12 

1.54 

-0 

*■? 

55 

7.0 

-0.78 

330 

0.593 

390 

0.76 

:4.o 

1.14 

1.58 

0 

5p 

55 

7.0 

-0."4 

331 

0.259 

390 

0.83 

24.6 

1.18 

1.75 

0 

sp 

78 

7.0 

-0,57 

332 

0.836 

390 

0.91 

23.8 

0.98 

1.80 

0 

sp 

78 

8.0 

-0.52 

333 

0.123 

390 

1.00 

24.2 

1 . 5t 

2,00 

0 

sp 

93 

5.0 

-0,J2 

33-1 

0.151 

.390 

I.IO 

24.3 

1.10 

2.07 

0 

sp 

94 

6.0 

-0  75 

335 

1.062 

355 

0.18 

25.8 

1.16 

2.03 

0 

sp 

80 

".0 

• 0.48 

336 

0.324 

355 

0.58 

25.6 

1.19 

2.05 

0 

sp 

85 

7.0 

*0.50 

337 

0.509 

355 

0.68 

26.0 

1.09 

2.11 

0 

sp 

87 

6.0 

*0.56 

338 

0.S46 

355 

0.  75 

25.2 

1.33 

2.13 

0 

sp 

88 

7.0 

♦ 0.58 

339 

0.379 

355 

0.84 

25.8 

0.98 

2.17 

0 

sp 

90 

9 0 

'■  .2 

340 

0.468 

355 

0.91 

23.3 

...1 

2.20 

0 

sp 

<11 

— 

• 6S 

341 

0.  267 

.3.55 

1.03 

25.5 

1.37 

2.24 

0 

93 

7 P 

»(t  f O ' 

342 

0.353 

355 

I.IO 

24.8 

1 .18 

2.2.S 

-10 

sp 

93 

6.0 

•n.-o  1 

343 

0.109 

355 

1.19 

25.0 

1.19 

2.33 

-in 

sp 

95 

7.0 

• C.-8 

344 

0.266 

355 

1.28 

20.2 

1.22 

2.36 

-10 

sp 

96 

6.0 

♦0.81  I 

345 

1 .450 

355 

0.44 

19.7 

— 

2.46 

-20 

97 

— 

• i.-tn  I 

346 

1.455 

355 

0.54 

24 .9 

— 

2.59 

-20 

sp 

100 

— 

*1.13  * 

34  7 

0.830 

355 

0.64 

27.4 

— 

2.66 

-8 

p 

103 

— 

♦1.20  1 

349 

0.444 

.355 

0.78 

27.2 

— 

2.81 

-10 

p 

106 

— 

•(  '5 

350 

0.332 

355 

0.87 

26.7 

— 

2.84 

-10 

p 

10' 

• 1 .58 

351 

1.020 

355 

0.97 

27.2 

— 

2.91 

-10 

p 

108 

— 

•i.45 

352 

1.376 

355 

1.07 

26.1 

— 

2.92 

-10 

spp 

108 

— 

♦1.40  , 

353 

0.453 

355 

1.16 

18.2 

— 

2.92 

-10 

spp 

108 

— 

*1.46  ; 

3.S4 

0.343 

.355 

1.25 

16.0 

— 

2. 88 

-10 

spp 

107 

— 

♦1.42 

555 

0.734 

.355 

1 . .34 

21.4 

— 

2.76 

-10 

spp 

106 

.:.30 

356 

0.583 

355 

1.43 

22.0 

— 

2.70 

-5 

spp 

105 

— 

.i.;i 

357 

0.  273 

355 

1.62 

25.4 

— 

3.54 

-15 

spp 

102 

.... 

•l.IR 

358 

0.333 

355 

1.72 

23.4 

— 

.3.51 

-25 

spp 

101 



*1.15 

359 

1.097 

427 

0.26 

22.0 

— 

2.65 

♦ 17 

spp 

56 

— 

-1.65 

360 

0.268 

4 27 

0.36 

22.3 

— 

2.50 

♦ 17 

spp 

53 

— 

•1.90 

JM 

0.512 

427 

0.46 

2.3.0 

— 

2.40 

♦17 

spp 

52 

— 

•1,90 

362 

0.243 

427 

0.55 

23.5 

— 

2.30 

♦ 17 

spp 

4 8 

— 

-2.00 

363 

0.511 

427 

0.62 

22.9 

— 

2.20 

♦ 17 

spp 

45 

— 

-2.10 

365 

0.049 

427 

o.ai 

22.8 

— 

2.30 

♦ 17 

sp 

S.3 

- - -- 

-1.80 

366 

0.119 

427 

0.91 

22.4 

— 

2.53 

♦ 37 

54 

— 

-1.77 

367 

0.098 

427 

1.01 

22.9 

— 

2.60 

♦37 

55 

— 

-1  ,70 

368 

0.076 

427 

1.12 

22.6 

— 

2.65 

♦37 

5p 

56 

— 

1.65 

369 

0.029 

427 

1.21 

23.0 

2.78 

♦37 

^p 

59 

---- 

1.S2 

370 

0.031 

427 

1.31 

22.8 

— 

2.80 

*37 

^p 

60 

— 

80 

371 

0.068 

427 

1.41 

23.0 

.’.37 

• 37 

sp 

6.5 

1 .43 

372 

0.028 

427 

1.46 

::.s 



2.90 

♦ .37 

sp 

69 

— 

-1  ..to 

373 

0.026 

J27 

1 .56 

23.0 



2.80 

♦ 27 

sp 

75 

— 

-1.30 

375 

0.  745 

319 

0.42 

24.6 



0.91 

-11 

sp 

4.3 

— 

•(».  10 

376 

0.521 

349 

0.52 

25.0 

— 

0.92 

-1 

4 3 

0 

377 

0.331 

349 

0.62 

24.9 

— 

1.04 

-21 

sp 

44 

♦ (1.12 

378 

0.616 

34  <1 

0.72 

24.6 

— 

1.07 

-21 

44 

♦0.15 

379 

0.536 

.349 

0.80 

25.0 

— 

1.17 

-21 

’^p 

45 

*0.25 

381 

0.599 

34  9 

0.42 

21  .4 

— 

1.22 

•21 

sp 

45 

• O.30 

382 

0.568 

349 

0.52 

24.6 

1.32 

-6 

sp 

46 

•C.40 

383 

0.684 

349 

0.02 

25.1 

1 .42 

-6 

sp 

47 

♦ 0.50 

384 

0.349 

349 

0.72 

25.4 

— 

1.42 

-6 

47 

♦ O.Sn 

385 

0.304 

349 

0./8 

25.5 

— 

1.45 

• 16 

sp 

47 

— 

•O.S5 

386 

0.285 

349 

0.88 

25.0 

1 .47 

-16 

sp 

47 

•r.5' 

387 

0.310 

349 

0.97 
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Bottom  profile.  City  Pier,  Ventnor,  New  Jersey,  13  and  14 
May  1965. 


Figure  b-3.  Bottom  profile,  City  Pier,  \entnor.  New  Jersey,  18  May  1905 


F-igure  B-4.  Bottom  profile.  City  Pier,  Ventnor,  New  Jersey,  19  and  20 
May  1965. 
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Figure  B-8.  Bottom  profile,  Jennette's  Pier,  Nags  Head,  North  Carolina, 


Figure  B-9.  Bottom  profile,  Jennette's  Pier,  Nags  Head,  North  Carolina, 
15  and  16  April  1964. 
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APPENDIX  C 


TIDE  CURVES 


lide  curves  indicated  are  for  Steel  Pier,  Atlantic  City,  New  Jersey, 

3 miles  northeast  of  the  Ventnor  City  Pier  where  the  sampling  collections 
were  made.  Tide  curves  for  Jennette's  Pier  at  Nags  Head,  North  Carolina, 
were  interpolated  from  U.S.  Coast  and  Geodetic  Survey  tide  tables  from 
stations  at  Hampton  Roads  and  Oregon  Inlet. 
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Days 

Predicted  tide  curves  for  Steel  Pier,  Atlantic  City, 
New  Jersey,  May  1965. 


for  Jennette's  Pier,  Nags  Head 


APPENDIX  D 


TYPICAL  PAPTICLE-SIZP  CURVES 
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Figure  D-2.  Range  of  four  wave  heights,  Hg,  Ventnor,  New  Jersey. 


igure  D-4.  flange  of  four  wave  periods,  ig,  Ventnor,  New  Jersey. 
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Range 


gure  D-6.  Range  of  four  sampling  stations  along  pier,  Ventnor 
New  Jersev. 


Sediment  Size  (mm) 


1.  Low  tide,  ovg.  max.  runup 

2.  Limit  of  bocKwosh 

3.  Limit  of  bockwosh 

4.  Limit  Ovg.  runup 

5.  Limit  of  bockwosh 

6.  Limit  Ovg.  runup 

7.  Limit  Ovg.  runup 

8.  High  tide,  limit  Ovg.  runup 

9.  Limit  ovg  runup 
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Figure  D-7.  Twenty-four-hour  tidal  range  surface  samples,  Ventnor, 
New  Jersey. 
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Range  of  four  wave  heights,  llg,  Nags  Head,  North  Carolina 
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Figure  D-10.  Range  of  four  water  depths,  d.  Nags  Head,  North  Carolina. 
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Figure  D-13.  Range  of  four  sar 
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